Lower Triassic marine strata in Spitsbergen accumulated on a mid-to-high 23 latitude ramp in which high-energy foreshore and shoreface facies passed 24 offshore into sheet sandstones of probable hyperpycnite origin. 
. 184
These age assignments differ slightly from those suggested previously by 185 Mørk et al. (1982) who placed the base of the Tvillingdodden Formation at the 186 base of the Smithian, rather than in the mid Smithian as we suggest here (Fig. 2) . 187
The age of the eastern sections is also constrained by fossils, especially 188 ammonoids, and is in much closer accord with the carbon isotope stratigraphy 189 described above. Thus, the Anwasatchites tardus Zone straddles the S/S 190 boundary (Mørk et al. 1999) . No conodonts have been found from our 191 There is no conodont evidence for a latest Spathian age at Vindodden and 202 comparison of  13 Corg trends suggest that this interval may be missing beneath 203 the base of the Botneheia Formation (Fig. 2) . Thus, the River-fed hyperpycnites show many of the attributes of this sheet 315 sandstone facies. These include sheet geometry and common planar and current 316 ripple although they lack an initial coarsening-upwards component that records 317 surging discharge (Mulder et al. 2003; Plink-Björklund & Steel, 2004) . However, 318 they do show common clay laminae interbedded with fine sandstones suggesting 319 fluctuating discharge during bed deposition (Fig. 4c) . 320 6. Wrinkle-Laminated Sandstone: This facies is only seen at Forkastningsdalen in 321 laminated beds of sandstone 20-30 cm thick interbedded with facies 5 (Fig. 5b) . (Fig. 4d) . Bioturbation intensity is highly variable and can reach II 6 (Fig. 5d) . 334
Only at Forkastningsdalen does the fossil content become significant, consisting 335 of thin-valved, prismatic-shelled bivalves. At this location there is also a unique 336 bed of highly bioturbated (II6) siltstone that contains an abundant fauna 337 dominated by bryozoans (Paracliolema), echinoderm grains (mostly ophiuroid 338 material), Promyalina and spirorbids (Fig. 6) . 339
The graded laminae of the siltstones suggest that this facies it is part of a 340 continuum of event bed-style deposition that includes the sheet sandstone facies. bed of yellow, laminated dolostone with common "Posidonia" bivalves is found 360 (Fig. 5c) . Thin section shows organic-rich laminae and abundant pyrite grains. 361
Small microspheres are also present, which are possibly recrystallized 362
radiolarians. 363
The laminated dolomite is an anoxic-dysoxic, hemipelagic facies possibly 364 with a significant "pelagic rain" of radiolarians, although substantial 365 dolomitisation has obliterated details of the fabric. 366 367
Bioturbation Intensity 368
The intensity of bioturbation varies substantially in all sections (Figs. 3,  369 5d, 7). Diversity of ichnogenera is modest and dominated by Thalassinoides, 370 rarely exceed more than a few centimetres except in facies 1 where it can be 372 more than 50 cm. 373
Fully bioturbated levels (II 6) occur at a level in the Dienerian of 374
Festningen and in the bryozoan bed (probably also of Dienerian age) at 375 Forkstningsdalen (Fig. 7) . Both levels are also associated with peaks of benthic 376 diversity in their respective sections. The fauna of the bryozoan bed fauna is 377 noted above and the Festningen bioturbated horizon contains Promyalina, 378
Unionites, Claraia, microgastropods, ophiuroids and brachiopods. 379
Perhaps surprisingly, there is little facies control to the laminated levels; 380 only facies 1 and 6 are consistently bioturbated, whilst facies 2 and 3 are rarely 381 bioturbated probably because a shifting substrate of dunes was difficult to 382 colonize by mobile infauna. The other facies types occur as both burrowed and 383 unburrowed varieties. Often the transition between burrowed/unburrowed 384 strata is very sharp, occurring over a few centimetres, and is developed within a 385 consistent facies type. 386 387
Framboid petrography 388
Pyrite grains and framboids are common in the Lower Triassic strata of 389 Spitsbergen and occur both in fine-grained facies and the sheet sandstone. At 390 most levels the framboids are of small diameter and show little size variation -a 391 distribution typical of framboid populations from modern euxinic settings (Fig.  392   8) . Larger, more variable framboids populations occur in some of the 393 bioturbated intervals although they still fall within the dysoxic field when 394 compared to framboids produced in modern environments (Wilkin, Barnes & 395 Brantley, 1996) . Framboids only become consistently rare/absent in the 396 shoreface and foreshore sediments (facies 1-3) and in the fully bioturbated, high 397 diversity Dienerian strata noted above. 398 
Redox Trends and Shallow Marine Anoxia 440
The lack of bioturbation and benthic fossils in multiple levels of the Lower 441
Triassic succession of Spitsbergen suggests intensely anoxic/euxinic 442 depositional conditions. This interpretation is supported by elevated trace metal 443 concentrations (of U and V) and the size range of pyrite framboid populations 444 that points to a sulphidic lower water column (Figs. 8 & 9) . However, burrowed 445 strata are also present indicating improved ventilation and the associated 446 framboid populations further indicate dysoxic bottom waters at these levels. 447
Thus, the Early Triassic redox record can be divided into phases of euxinia 448 (labelled I to XI in Figure 3 ) separated by dysoxic/oxic phases. The best 449 oxygenated strata (II 6, diverse benthos, no framboids) occur in the Dienerian. 450
Unfortunately it is not possible to confidently correlate the redox cycles 451 between sections due to insufficient stratigraphic resolution (further  13 C study 452 of all sections is needed). However, it seems likely that euxinic phases III and IV 453 at Festningen are also seen at Forkastningsdalen because they occur around the 454 same level (Fig. 3) . Phases V to VIII at Festningen are separated by thin intervals 455 of dysoxic strata whilst further offshore at Vindodden a similar number of 456 euxinic/dysoxic alternations is seen. If it is assumed that the upper part of the 457
Spathian is not present at Vindodden (see discussion in "Chemo-and 458
Biostratigraphy" above) then it becomes possible to correlate the anoxic phases 459 between locations. Thus phase XI becomes the highest phase at Vindodden (Fig.  460 3). 461
The most extraordinary facet of the Early Triassic euxinic episodes is 462 their development in exceptionally shallow-water settings. Many of the sheet 463 sandstones, interpreted as hyperpycnites formed in upper offshore setting ( 
